Abstract Dire Dawa, the second largest city of Ethiopia, was facing about the distribution system adopted for supplying clean water. It was being observed that an intermittent type of supply with main and secondary distribution pipes. It was observed that, the current water demand has surpassed the present existing supply about 65%. Hence, in order to provide sufficient quantity and good potable water with continuous (24 X 7) water supply for various sectors of study area: Sabiyan region, Dire Dawa, Ethiopia, was selected. Also, Dire Dawa Water Supply & Sewerage Authority has taken a strong decision in order to validate and examine the existing water distribution network for improved water supply. On the other hand, the main important factor which effects the validation is that the age of pipes and other accessories in present existing network were longstanding. Therefore, to avoid the leakage losses and various problems encountered with the present system, a detailed is study is conducted and the analysis is carried out using EPANET tool to design for continuous water supply. After thorough analysis by considering future concerns, it was suggested that, two GLSRs of each with 2.7 Mm 3 capacity may be provided in order to meet the future demands. The tanks are provided at required elevation to ensure that the water flows in all pipes of the network efficiently. Based on the output it was observed that the diameter of pipes from the existing system ought to be revised. Additionally, other parameters which effect the network like frictional losses, velocity of flow in the pipes, residual head and pressure at nodes were also examined thoroughly by the use of different tools like WaterGEMS and Auto CAD in addition to EPANET.
Introduction
Water is one of the richest elements on earth and without this, life will not exist. It covers more than 70% of the earth's surface and exists as vapor in the earth's atmosphere. As all the people in our world has right to access safe drinking water, due to increasing demand for water and depletion of the available water, assured supply of good and potable water is becoming a rising alarm. With the estimated growth of population, the usage of water increases more at fast rate due to various parameters like change in natural atmospheric conditions, Rapid urbanization, Global warming etc. Hence, by observing, the rate of increase in water demand in all the aspects of Ethiopia especially in domestic sector, usage of water is increasing tremendously now a days which can be seen in Fig. 1 .
The above figure explains that the usage and supply of drinking water for rural areas and urban areas in the study area. It was observed that in both rural and urban areas only 39% has access to potable water over a total area of 1216 sq. km. According to detailed survey conducted by a private consultant in the study area, it says: the water supply system suffered frequent damage and failures due to improper maintenance in case of repairs and leakages (ElSheikh et al. 2013) : which increased the pressure on the administration of water supply and sewerage board of Dire Dawa, in terms of rising cost of maintenance and inadequate water to the residents. Also, on the other hand, authors noticed severe shortage in supply of potable water even for domestic communities for their sustainability. As a result, the system can be termed as intermittent as the supply of potable was not continuous (Petr et al. 2006) . Therefore, keeping this in view, authors mainly focused on redesigning the existing distribution system. Therefore, with a main motto to supply continuous water (24 X 7) to the study area in view of domestic communities. In this article, authors primarily focus on redesign of existing distribution system to check its consistency and existence for meeting the future demands. The purpose behind in selecting only domestic sector is that, due to non-availability of sufficient data for proper analysis of network. Thus computation of flows, pressures and other relevant hydrological parameters at all nodes / junctions for any type of network has been of great challenge and interest for those involved with designs, construction and maintenance of public water distribution systems (Anisha et al. 2016) . Hence in order to design and analyze the existing water distribution system to develop accurate outcomes, authors use the following softwares like EPANET, WaterGEMS and Auto CAD (Drafting) in this paper. Methodology for use of those softwares was explained detailed in further sections.
Background of Water Distribution Network
In general, as it was observed about the usage of municipality water the maximum quantity of water is used during the day time for the purpose of personal sanitation, washing and cooking. On the contrary, the least quantity of water is used in the night time. A typical WDN generally in consisting of links or pipes, nodes or junctions and also the source for supplying water to the distribution is shown in Fig. 2 . All WDNs are mostly focused on to convey potable water from source to water treatment plant (according to type of water use) and thereby to stakeholders with desired, appropriate quality, quantity and pressure. The design considerations of a typical WDNs also involve topographic features of terrain, economic parameters, and fluid properties (Anisha et al. 2016; Swamee & Sharma 2008) .
WDN schemes are not operative properly in recent days as in most of the cases proper operational zones are not designed well (Adeniran & Oyelowo 2013 ). An operational zone is a service area in which water is supplied and distributed by an ELSR or GLSR.
In addition to above figure, following table shows various input and output for various elements of WDN. In addition to the above said elements, there were also elements like tanks, valves of different types, pumps and hydrants. Based on the elements that were used in this network analysis only shown in Table 1 (El-Sheikh et al. 2013; Ramana et al. 2015) .
During the initial stages of any project, water reaches to most of the consumers as its operative conditions shall be on par with the standards. But as days pass on, demand of water also increases due to rapid urbanization and other factors which leads to increase in demand from actual supply when compared to initial stages of any project. This condition increases stress in effective water distribution resulting shortage of water to communities. In addition to all the above, due to improper maintenance loss of water also takes place through leakages and conveyance losses at junctions of pipes and valves. Thus, operation and maintenance with effective design of WDNs becomes a challenging task to reduce Non Renewable Water (NRW) from various pipes and junctions in the network (Tabesh & Yekta 2005) . In general, a typical WDN follows layout of a road either to left or right side. Following are the basic types of WDNs, namely Dead end system, radial system, Grid iron system, Ring system. A typical layout may be a combination of one or more above said methods. In this paper WDN is dead end system.
Role of Epanet in Design of WDN
EPANET, it is an analysis program is a very significant tool and plays a major role especially in the case of WDNs now a day. This tool has a wide range of applications as there is no limit in the size of network which ranges from simple (for a small village) to a complex network (for large cities and towns) (Adeniran & Oyelowo 2013; Sathyanathan et al. 2016; Abubakar & Sagir 2013) .
The network for the study area in this paper is treated as a complex network because it consists of 798 nodes and 1162 no's of pipes / links with various lengths and elevations at different nodes. Number of links and nodes were generated while network is drawn using tools like google earth. Detailed summary report of various components were presented in Fig. 3 .
In the earlier days, various computer applications like MS -Excel, COBOL, FORTAN, C and C++ programming languages were mainly used in order to write algorithms for various conditions, but later on EPANET has become very popular due to its easy and simple GUI and other advantages. Following are some of the main advantages which can be easily noted by any user during the usage of EPANET tool (Shital et al. 2016; Abubakar & Sagir 2013) . (Anisha et al. 2016) . In addition to the above, the chemical concentration and age of water can also be easily traced for any typical networks even for multiple time demands and patterns. The other basic advantage of EPANET is that it can be easily calibrated with the existing parameters so that they might be useful for the future estimation for the networks. It has a capability to model for various types of valves and minor losses encountered in the network. Based on these advantages, authors use EPANET software for the analysis of water distribution network.
Hazen -William formula is considered as one of the popular and most widely used formula especially in case of WDN analysis. This is the most commonly used in estimating pressure drop for fire sprinkler systems, water distribution systems and irrigation systems. It is an empirical equation which related the most important parameters like flow and physical properties of pipe such as roughness coefficient and friction factor. Further, this equation is not depending on Reynolds number (https://web.archive.org/web/20130406095047/http://www.canutesoft.com/index. php/Basic-Hydraulics-for-fire-protection-engineers/Hazen-Williams-formula-for-use-in-firesprinkler-systems.html). Thereby, type of flow is independent in the pipe. Other advantages being, this equation is quite applicable for the pipe sizes 75 mm and above, with water temperature up to 25 0 C. Moreover, Darcy Weisbach equation is widely used in computations for any liquid and gases. Also if the level of error is more and important in calculation of various parameters this equation is applicable (https://www.revolvy.com/main/index.php?s=Hazen%E2%80%93Williams%20 equation). Therefore, on comparing the two equations, authors feel that using of Hazen -William equation is more applicable and also found satisfied with all other criteria's required to use this equation.
Objective
The objective of the WDN is to distribute the water to all the parts of study area only in view of domestic activities. Also the main objective of this paper is to redesign the existing water distribution network for study area supply potable water for 24 X 7. In this paper, the main intention of the authors is to focus on reviewing the existing diameter of the pipe for the new pressure values obtained after thorough analysis of network for future demands.
Study Area
Dire Dawa, one of the largest city in Ethiopia having 9 kebeles encompasses an area of 1216 Sq. km which can be seen from Fig. 4 . It is situated on Awash River basin in eastern part of Ethiopia (https://knoema.com/atlas/Ethiopia/Dire-Dawa-City-Administration/Agricultural-area-irrigated). Geographically it is located between 795,000 m -845,000 m Easting and 1,045,200 m -1,080,000 m Northing (Projection: UTM, Datum: world geodetic system 1984, zone -37) at about 520 km East of Addis Ababa which can be seen from Fig. 4 . It is found at the Awash River basin and has an elevation generally ranging from less than 1000 M.A.S.L. to more than 2300 M.A.S.L. Authors choose Sabian area for the analysis of network which belongs to kebele 2 which comprises about 50 % of total area of the city which can be seen in following figure. According to a source, it was observed that major language spoken in this region is Oromiffa and population density was about 253.4 per sq.km in the year 2013. According to data available from Central Statistical Agency agricultural area irrigated was increased to 4.55% till 2013.
General Information of Climatic Factors of Study Area
The land use of the Dire Dawa city is mainly agricultural based and land use pattern vary geographically with climate, physiographic, and population density. In general, the land suitable for crop production is being used for that purpose. Some seasonal and commercial crops that can be seen are the cereal farming system which seems to occur in the valley bottoms. Sorghum, maize and sweet potato are the major crops grown below the escarpment in the valleys.
Chat is also grown as an important cash crop. Eucalyptus plantation around the homesteads is also growing for energy as well as construction purposes (A report on BResettlement action plan for Dire Dawa^n.d.; A report on BDesign review and detail design preparation of Dire Dawa water supply project^n.d.).
The climate of the study area is dominated by various inter-related factors. The mean temperature is observed to be varied between 22°C to 28°C in the lowland area and 14°C to 16°C in the highland area. Both have similar temperature pattern with the maximum mean temperature in June and the minimum value in January. The hottest months are from the months of May to September, whereas the coldest months are from November to February 20 (A report on BResettlement action plan for Dire Dawa^n.d.) (https://knoema. com/atlas/Ethiopia/Dire-Dawa-City-Administration/Agricultural-area-irrigated).
The annual mean rainfall of Dire Dawa town is 631 mm, whereas the mean rainfall of the study area varies between 350 mm to 600 mm. The study area experiences two rainfall seasons. The small rain of March to May and the summer rain of July to September. Potential Evapo-Transpiration (PET) for every month is greater than the monthly average rainfall, hence the rate of infiltration to the ground is observed to be very less, which implies that the availability of ground water is at higher depths during no rainy season and high in the times of high rainfall (https://knoema.com/atlas/Ethiopia/Dire-Dawa-City-Administration/Agricultural-area-irrigated).
Demographics of Study Area
The base map which consists of total network (pipes, junctions, and existing source of water with some prominent features) of the study area is shown in the Fig. 5 . This network is considered for design and analysis of continuous water supply using EPANET. The population for sabian region (study area) is considered as 1,50,000 No's as per 2008 census which was taken from the concern authorities and other private consultants (A report on BDesign review and detail design preparation of Dire Dawa water supply project^n.d.).
Based on the elevations of city, the supply of water to city is done by different storage reservoirs. In view of this criteria, total city was divided into four zones namely Zone -I, II, III and IV. From the elevation point of view, study area -sabian region comes under Zone -IV, where the maximum and minimum elevations of the study area were observed to be 1281.61 m and 1126.35 m respectively (A report on BDesign review and detail design preparation of Dire Dawa water supply project^n.d.). According to the instructions given by the water supply board growth of population is considered to be 2.1% per year. Geometrical Incremental (GI) method was used for the forecasting of population for the base year (2017), prospective year (2027) and ultimate year (2037). The reason behind in choosing this method was that the growth rate of population was assumed to be constant and it was also observed that percentage of error in incremental process for population forecasting was found to be very less when compared to all other methods (https://www.iamcivilengineer.com/2015/02/method-of-population-forcast-and. html). After thorough analysis of the proposed scheme which was shown in later sections, two GLSRs of each 2.3 Million Litres (ML) capacity were provided for the continuous water supply to the study area. Also the demand at all the nodes for the study area was calculated based on Thiessen Polygon method and correspondingly pressures at all nodes were estimated and diameters of the pipes are thus fixed which can be seen in further sections.
Methodology
Following methodology was adopted for the smooth processing of network analysis and design of the network using various software's like Auto CAD, Global mapper and EPANET (Ramana et al. 2015) .
& The latest network of the study area is obtained from the DDWSB, Ethiopia. The same was linked with known latitudes and longitudes in Google Earth for up-to-date network and further modifications if any. Final map thus modified and imported the same network in. kml format. & The network obtained from the above step is then imported to Global mapper and digitized. Then required layers like road network, proposed OHSR, Existing OHSR etc., were identified to prepare base map which was shown in Fig. 5 . & Contours were generated using global mapper software with required interval of for the same latitude and longitude which was shown in Fig. 6. & Finally, the network with contour map which were obtained from the above steps, were then finally imported to EPANET for further design and analysis with some assumptions listed below.
All the pipes are laid on the left side from center of road as shown in Fig. 7 . Water is withdrawn only from only nodes. Hence base demand assigned at all nodes. There exists a single pipe between tow nodes. Hazen -Williams method is used to estimate the head losses. Flow units were considered as Litre per Second (LPS) in the network analysis. Rate of increase in the population was assumed to be 2.1% for every year starting from the base year. Additional 10% of total demand was assumed for emergency and fire demands. Internal diameters of pipe were initially assumed to be as 152.4 mm. Roughness (c) of the pipes were assumed to be 135.
& On the other hand, scheme design was prepared which was shown in Table 2 . & Demands to all nodes were assigned based on Thiessen polygons method which was shown in Fig. 8 . & Therefore, with all the assumptions made above and whole required assumptions, finally the network was RUN for the final results. & In the initial run, with the assumed diameter and input parameters for all nodes and links, software shows that RUN was not successful as the elevation was not suitable to carry water with required pressures. Hence, by the method of trial and error, diameters were adjusted in such a way to get successful output. In this paper, the authors also used another important software named WaterGEMS, to make the analysis smooth by consuming time. This software was used especially for creating Thiessen polygons, assigning base demands and elevations to nodes.
As it was known that EPANET software is not capable to generate polygons of its own. Therefore, using WaterGEMS software, process of obtaining Thiessen polygon was simple. These polygons were mainly used to estimate population density for each of polygon and thereby to find base demand at each node.
On comparing between EPANET and WaterGEMS is that it adds an advantage to assign elevations at all nodes spontaneously when contour file was uploaded using TREX option. Thereby resulting, the accurate and précised elevations shall be assigned having less degree of error. But when compared to the same process in Epanet, one has to assign manually elevations at each node results in high level of error.
On the other hand, the most important task during the analysis of a typical WDN is to assign base demand for the network. As mentioned above, that Epanet may not assign the required parameters manually, therefore chance of getting the error is very high. Parallely, WaterGEMS software does the same method assigning base demand at nodes with in short period of time with high precision (A technical guide on BBentley WaterGEMS^n.d.). Therefore, as the process was quite simple with relatively less errors and adding all above said advantages, WaterGEMS softwares was used keeping all these as an added benefit. Here, author intention was mainly focused on the analysis of this network and results obtained from Epanet only but not WaterGEMS.
The other part of the analysis is being prepared of scheme design which can be seen in following table. It shows the entire design outline for the network analysis. It can be observed that 188,527 No's of population were taken for base year (2017) by considering 1,50,000 No's of population during the year 2008 as Central Statistical Agency (CSA) records of Ethiopia. Using Geometrical Increase method at a rate of 2.1% increase in population, population was forecasted for both prospective year (2027) and ultimate year (2037) respectively (A report on BDesign review and detail design preparation of Dire Dawa water supply project^n.d.).
Assuming the rate of demand as 80 LPCD (previously 50 lpcd), the total demand for the prospective year was calculated and found to be 214.88 LPS for the entire network. An additional 10% of total perspective demand was considered for fire and other emergency services Also, important components for reservoir like LWL, MWL (combination of total head) were computed and presented in table.
Based on prospective year (2037) all the inputs were assigned to various components of pipes, links and reservoirs for considered network and results were obtained which were shown below. Finally, it was decided to provide two GLSRs of each diameter 17 m and height As a result of all the assumptions said above and considering the required inputs for the network analysis and design in the study area, using EPANET the input parameters like base demand, length, roughness, elevation and diameter were assigned and a sample figure was shown below.
A thorough analysis shall be conducted for network using EPANET tool after proper inputs assigned to links and nodes. Results thus obtained for both junctions or nodes, pipes or links from the software were presented in the later sections. Tables which were shown below represents input parameters for nodes and links. Table 3 shows, various input parameters assigned initially for pipes. It can be observed that from above table pipe ID (generated automatically using EPANET) assigned with both start and end nodes were displayed. Also, in above table we will observe diameters and roughness of the pipe along with base demand at each node. As stated earlier that, the initial diameter, roughness for the pipes were assumed to be constant. Base demand was assigned based on population at each node which was explained earlier.
In the same lines, input considerations for nodes were shown in table below. Table 4 represents input parameters like base demand in lps and elevation for the network before analysis. Due to unavailability of space, input parameters for both pipes and networks were shown in above tables as a model.
Further, following Fig. 9 represents relation between elevation at all nodes and roughness for pipes which were input considerations.
Besides the above figure, various combinations of input and output parameters linked were shown in annexure from Figs. 10 and 11 due to limitation in space.
Calibration
Calibration involves obtaining confirmation that the features of a typical WDN are effective. It should be directed at the assessment of the scientific and technical inputs hooked on WDN (Ormsbee & Lingireddy 1997; Sharma n.d.) . As stated earlier that, a typical WDN represents various components like pipes or links, nodes or junctions, reservoirs, tanks, valves and pumps etc. Following table represents the input and output parameters for those elements that were utilized in this network.
In a broad sense, calibration involves following actions: effective engineering design, operating procedures and acceptable ranges for control parameters, maintains procedure to complete, proper installation and thorough testing the whole system after implementation (Alves et al. 2015) .
In the way of this analysis, authors primarily focused on the output obtained from Epanet in view of two most elements namely: pressure at nodes where data is available and base demands corresponding to that nodes.
The main limitation faced during the calibration of parameters or outputs obtained from software was that the exact data for pressures and demands were not available at majority of locations due to poor maintenance of data records at office. Therefore, calibration was conducted at nodes where data is sufficiently available between those two parameters. The other aspect of validation being operation and maintenance of network after successful implementation as per design and analysis. In this aspect, authors made necessary suggestions to the office of DDWSSP for proper observation and timely changes to be made with respect to population and corresponding demands.
Results and Discussions
After number of iterations carried with respect to diameter of pipes and pressure at nodes, the final output was generated using EPANET software. Following table shows the required diameter of the pipe required to carry sufficient flows to withstand for pressure at corresponding nodes. Diameters which were obtained were after analysis were presented in Table 5 . In addition to, various output parameters related to pipes like velocity and unit head loss were also shown in following table. Table 5 shows, the output parameters that were generated from EPANET software for some pipes. It can be observed that maximum flow was observed in pipes that were connected next to reservoirs with an intensity of 151.46 lps and 269.31 lps for GLSR 1 and GLSR 2 respectively. On the other hand, a minimum flow of 0.05 lps was observed in most of the pipes which were far away from the source. As the flow was observed to be maximum in pipe 1 and pipe 2, the diameter of pipes was also found to be maximum with internal diameter of 378.00 mm for two pipes. Similarly, the maximum velocity of 3.35 m/s was observed for the entire network, in the pipe 985 due to sudden contraction of diameter from 144 mm to 98 mm and minimum velocity of 0.01 m/s were observed in many pipes, which were found to be satisfied. The other important factor, which plays a key role in the network analysis is that unit head loss. It was found that the minimum head loss was observed to be 0.01 m / km, in many number of pipes of the network. The maximum head loss is observed to be 117.13 m / km in pipe 985, due to the reason as stated above. In table negative sign for flows in the pipes indicates that direction of flow was in opposite direction. In addition to the above, the results at nodes were also generated and which were presented in Table 6 . Table 6 shows the results that were obtained after analysis using EPANET for various nodes in the network. From the total results obtained for nodes, maximum pressure head was observed to be 50.22 m at junction 791 which was far away from source but minimum pressure head was found to be only 0.1 m at junction 722 which was close to source. This is mainly due to the fact that elevations vary widely over the network. Finally, based on the above results, it can be observed that, at every node the pressure head was found to be positive hence, the flow of water takes places to all the nodes of network without causing any difficulty with the proposed diameters.
Based on the above results a detailed statement was prepared which shows internal diameter and corresponding outer diameter along with its total length in the network. In this network analysis, DI material of pipe with K9 class and 4 kg/cm2 of pressure carrying capacity was suggested by the officials and detailed breakup statement was shown in following Table 7 .
Validation of Results
As stated earlier that validation was carried out for pressure and demands at some of the nodes where data is available at 28 locations in the study area at some prominent places such as near to papa hotel, cement factory, express business center, Dire Dawa University, Sabiyan health center etc. Following results were obtained and shown below in following figures. After model parameters have been estimated from the software, the accuracy of the model parameters can be assessed with respect to observed values. This is done by executing the computer model using calibration option.
From the results obtained after validation, it was observed that there was mean error value of 0.040 between observed and estimated values of demands. Whereas, a mean error value of 1.622 was observed.
On the other, Root Mean Square Error (RMSE) for pressure was observed to be 1.817% whereas for demands 0.058% only.
Based on the error values for both pressure and demand, between observed (actual) and computed values from Epanet, it seems that value of errors were found to be within lower limits which shows that the network which was designed by Epanet software was validated with its observed values. Results obtained for validation with respect to both demands and pressures were shown in Figs. 10 and 11 respectively. 
